Abbreviations: BR = baseline range TPCN = Texas Poison Center Network
Bayou, Louisiana, as a Category-3 hurricane with 115 mph wind. The storm caused extensive damage and directly resulted in seven deaths, and indirectly caused other deaths. Residents were permitted to start returning to evacuated Texas counties starting on 25 September 2005. Twentytwo counties in eastern Texas near the border with Louisiana eventually were declared disaster areas (Angelina, Brazoria, Chambers, Fort Bend, Galveston, Hardin, Harris, Jasper, Jefferson, Liberty, Montgomery, Nacogdoches, Newton, Orange, Polk, Sabine, San Augustine, San Jacinto, Shelby, Trinity, Tyler, and Walker) (Figure 1 ). [1] [2] [3] [4] [5] According to the 2000 Census, the population of the counties under mandatory evacuation was 4,829,579, and the population of the counties later declared disaster areas was 5,416,433. Of the eight counties that were both under mandatory evacuation and later declared disaster areas (Brazoria, Chambers, Galveston, Harris, Jefferson, Liberty, Newton, Orange), the population was 4,340,777, or 89.9% of the population of the counties under mandatory evacuation and 80.1% of the population of counties later declared disaster areas.
A variety of potentially hazardous exposures may occur in the aftermath of hurricanes. Improper storage, ventilation, and maintenance of generators may result in carbon monoxide poisoning. Gasoline siphoned for fuel and oilbased lamps may be used for alternative light sources. The use of alternative power sources for lighting may involve exposure to batteries, fire, matches, and explosives that may result in dermal injuries. During power outages and property restoration, individuals might be at increased risk for encounters with dangerous wildlife, resulting in bites and stings. Overflowing and spilled sewage, heavy rainfall, and power outages may lead to contaminated water. Inadequate refrigeration, storage, or cooking may lead to food poisoning. 6 Poison centers receive calls from and advise the public, law enforcement, and healthcare providers on how to manage potentially adverse exposures to a variety of substances, including medications, chemicals, foods, plants, and animals. Many poison centers also provide pill identification and general information on drugs, chemicals, and other topics. Various studies have indicated that hurricanes and their aftermath may affect the pattern of calls received by poison centers. [6] [7] [8] [9] A study in Mississippi found that the number of calls declined in areas suffering serious damage after Hurricane Katrina. 7 Poison center calls about exposures to carbon monoxide and hydrocarbon fuels such as gasoline and lamp oil have been known to increase after hurricanes. 6, 7, 9, 10 Pill identifications calls also have increased. 7, 8 The Texas Poison Center Network (TPCN) consists of six poison centers that together service the entire state. Each poison center primarily is responsible for calls originating from a given geographic area, one or two of the 11 Public Health Regions within Texas. However, the TPCN telecommunications structure's standard operation permits calls originating from the geographic area of one poison center to automatically be forwarded to another poison center. This was created to minimize wait-times for callers. Thus, a call originating in the geographic area of a given poison center may be answered by any of the other five poison centers. As a result, the number of calls handled by a poison center may not equal the number of calls originating from its geographic area.
On the morning of 21 September 2005, the Southeast Texas poison center based in Galveston was forced to close because of the ordered mandatory evacuation. The Galveston poison center did not reopen until the morning of 27 September 2005. During this time, calls originating from the Galveston poison center's geographic area (Public Health Regions 5 and 6) were handled by the five other poison centers of the TPCN. Some of the Galveston poison center's staff went to other poison centers to assist in answering calls. Public Health Regions 5 and 6 contain all of the counties that later were declared disaster areas.
This investigation had several objectives: (1) to determine what impact the closure of the Galveston poison center had on handling of calls received from the Galveston poison center's geographic area; and (2) to evaluate whether Impact of Hurricane Rita If the number of calls received during the 2005 time period fell outside the BR, then the number of calls was considered to be higher or lower than expected. This comparison was performed for total calls and for the various sub-types of calls.
A potential limitation to surveillance based on data from previous years is that poison center calls may vary from year to year due to changes in funding, staffing, and public relations activities. 16 
Results
Between the time the Galveston poison center closed on 21 September 2005 and the time it reopened on 27 September 2005, the TPCN received 1,251 calls from the Galveston poison center's geographic area that were answered by other Texas poison centers. The daily number of calls originating from the geographic area was lower than was the daily number immediately before and after this time period ( Figure 2 ).
When the daily total call volume was examined over the total 15-day time period of interest, the number of calls received by the TPCN prior to the mandatory evacuation showed some variation from day-to-day, but was relatively level ( Figure 3 ). During the evacuation and hurricane landfall period, the number of calls fell to its lowest level during the entire time period. During the post-evacuation period, the daily number of calls was level and similar to the number of calls received prior to evacuation. This call pattern also was noted when the analysis was limited to calls received from the counties later declared disaster areas, although the degree of the decline in call volume during the evacuation and hurricane landfall period was more extreme (Figure 4) .
The mean value for the daily number of calls received during the time periods before, during, and after the Hurricane Rita evacuation and landfall are compared in Table 1 . Compared to the period prior to the evacuation, certain types of poison center calls were more or less common during and after the evacuation and hurricane landfall.
Methods
All cases were calls received by the TPCN during 10 September-08 October 2005. This time period consisted of the 14 days prior to and the 14 days after Hurricane Rita made landfall and includes the period of time when the Texas coast was evacuated.
The daily number of calls received by the Galveston poison center and originating from its geographic area was calculated for 20-28 September 2005, which included the time when the poison center was closed (21 September-27 September).
The total number of calls received each day during 10 September-08 October 2005 was compared to the total number of calls received during 10 September-08 October 2004, a corresponding time period from the previous year when Texas was not affected by a hurricane. This comparison was made for: (1) total number of calls received by the TPCN; (2) the number of calls originating from the 22 counties that were declared disaster areas, and (3) all of the calls excluding those from the disaster-area counties. The mean value for the daily number of calls for these three categories was calculated for the following time periods: (1) 10-20 September 2005 (pre-evacuation); (2) 21-25 September 2005 (evacuation and hurricane landfall); and (3) 26 September-08 October 2005 (post-evacuation). This analysis was performed for the total number of calls and for the number of various subjects of calls. These call subjects included: (1) exposure to carbon monoxide, gasoline, food poisoning, and water contamination; (2) pill identifications; and (3) other information.
Several articles outline a surveillance methodology for identifying whether the number of calls received by poison centers is higher than expected. [11] [12] [13] [14] [15] Usually, the number of calls received during the time period of interest is compared to a baseline range (BR) or number interval based on the number of calls received in a corresponding time period during previous years. Therefore, for the three time periods described above, a baseline range was calculated according to the following formula: the mean daily number of total calls received by the TPCN was lower during the period of evacuation and hurricane landfall. Among the sub-types of calls, this decline was greatest for pill identification and other information calls and lowest for exposure calls. Among the four specific types of exposure calls examined, the mean daily number of calls was elevated for carbon monoxide, gasoline, and water contamination calls. This change in mean values was seen mostly among calls originating from the disaster-area counties. When compared to the time prior to evacuation, the mean value for the daily number of calls observed after the evacuation period were similar, except that the mean daily number of gasoline exposure calls was higher. This elevation was greatest among calls from the disaster-affected counties.
A comparison of the number of calls received during the evacuation and hurricane landfall period and the postevacuation period, respectively, to a BR derived from the call volume from previous years are in Tables 2 and 3 .
During the evacuation and hurricane landfall period, the number of calls was higher than expected for total gasoline exposure calls received and for gasoline exposure calls received from counties later declared disaster areas. Among total exposure calls, the number of calls from the patient's home was higher than expected, and the number of calls from healthcare facilities was lower than expected for the counties later declared disaster areas. For all three groups, the number of exposure calls from public areas was higher than expected. During the post-evacuation period, the number of calls was higher than expected for total carbon monoxide and gasoline exposure calls received, and for carbon monoxide and gasoline exposure calls received from counties later declared disaster areas.
Discussion
This investigation described the pattern of calls received by Texas poison centers immediately before, during, and sures that normally would result in calls to poison centers. Moreover, if such exposures did occur, people might have been unable to contact poison centers due to lack of access to telephones. Since the five remaining Texas poison centers still were able to handle calls from the affected counties, the reduction in call volume was not likely to result from the closure of the Galveston poison center. This is particularly evident in Figure 3 , which shows that the number of calls received on 26 September 2005 from the Galveston poison center' s geographic area had returned to normal even though the Galveston poison center still was closed. The call volume did not increase during the evacuation and hurricane landfall period in the rest of Texas, even though the population in the rest of the state had increased by as much as two million. The reason for this might be that many of the evacuees might not have had access to telephones. Alternatively, the evacuation might have altered the evacuees' routines, decreasing the chances of exposures that normally would have resulted in poison center calls.
The total call volume returned to normal after the hurricane made landfall as the evacuees returned home, even in those counties that subsequently were declared disaster areas. The return to normal call volumes was noted for all major sub-types of calls (exposure, pill identification, and other information). In contrast, in the months after Hurricane Katrina, the monthly call volume to the Mississippi poison center declined, particularly from counties suffering severe damage. 7 The call patterns for some particular exposures changed while others did not. The number of food poisoning and water contamination calls did not change. The Mississippi study found the same lack of change in food poisoning and water contamination calls. 7 Poison centers receive comparatively few calls relating to food poisoning and water contamination. Thus, if an increase in such events occurred after a hurricane, this might not be reflected in poison center calls.
In the present investigation, gasoline exposure calls increased during both the evacuation and post-evacuation periods, primarily in the counties declared disaster areas. Other poison center studies had reported a similar pattern with respect to gasoline exposure calls after hurricanes. 7, 9 A rise in such exposures is to be expected. People may run out of gasoline in their automobiles during evacuations, and in cases of power outages, people may resort to gasoline-powered generators. In both instances, people may have to resort to siphoning gasoline, resulting in potentially hazardous exposures.
Carbon monoxide exposure calls also were elevated in the post-evacuation period, although a similar increase was not seen during the evacuation period. Carbon monoxide exposure calls to poison centers have been shown to increase after hurricanes, 6, 9 although the Mississippi investigation observed no increase in such calls after Hurricane Katrina. 7 Many of these exposures occur as people resort to portable generators as a result of power outages. 6 The location of the calls changed during the evacuation period. During that period, the number of calls from the counties later declared disaster areas that were received from a patient's home and from public areas increased, immediately after the evacuation and landfall of Hurricane Rita in Texas. Such information is important because various potentially hazardous exposures may occur in relation to hurricanes, exposures for which poison centers may receive calls. However, there is little information on the impact that hurricanes have on poison center calls. [6] [7] [8] [9] This investigation adds to this limited available information. Poison centers may be the first service people contact after disasters and or other exposures to potentially toxic substance. Previous studies have found that people contacted Texas poison centers shortly after the anthrax attack in Autumn 2001, a chlorine gas release from a train accident, and the space shuttle Columbia disaster. [19] [20] [21] This investigation is subject to several limitations. First, after Hurricane Katrina made landfall on the Louisiana/Mississippi coast on 29 August 2005, a number of Louisiana residents evacuated to Texas. This influx of Hurricane Katrina evacuees already had altered the TPCN call patterns. 8 Second, this investigation focused on those Texas counties that were declared disaster areas. Not all counties that underwent mandatory evacuation were later declared disaster areas, and not all counties declared disaster areas had undergone mandatory evacuation. However, the majority of the population affected by the mandatory evacuation also was affected by the disaster area declaration. Third, the reporting of most exposures to Texas poison centers is not mandatory. Thus, any differences or changes in poison center calls may reflect changes in the tendency for people to call the poison centers, not changes in the occurrence of the underlying exposures. Moreover, not all potentially toxic exposures are equally likely to be reported to poison centers. For example, a fatal exposure in which the person has expired prior to the involvement of a healthcare provider is not likely to be reported to a poison center because consultation on the management of the exposure is not needed.
Because of the TPCN's telecommunications structure and its six poison centers operating together as a single system, calls from the Galveston poison center's geographic area continued to be answered even though the Galveston poison center was closed. If such a system had not been in place, >1,200 calls would have gone unanswered. It is recognized that poison centers must plan for situations such as disasters due to natural hazards and other events such as terrorist attacks, so that calls can continue to be answered when the poison center cannot operate. Options that have been discussed or implemented by poison centers include allowing poison center staff to handle calls from home or other locations and transferring calls to other poison centers outside of the state. [22] [23] [24] [25] Although the TPCN already has a system that allows calls to be handled when one of its poison centers closes, it also is considering implementation of the other options.
The TPCN experienced a decline in total call volume during the evacuation and hurricane landfall period. This reduction particularly affected the counties that were later declared disaster areas, most of the population of which also had been under mandatory evacuation orders. Such a decline is to be expected since many people would have left the counties, leaving fewer individuals to experience expo-Impact of Hurricane Rita
Conclusions
The TPCN system for transferring calls is effective in allowing calls to continue to be answered if one of the member poison centers must close down, even for an extended period. During an evacuation, total poison center call volume in the affected area may be expected to decline, although certain calls, such as those involving gasoline exposures, may increase. After a hurricane, the total call volume might quickly return to normal. Certain calls, such as those involving carbon monoxide and gasoline exposures, may increase. This information allows for poison centers and public health providers to prepare for their response to hurricanes and to educate the population before such events. while the number of calls received from healthcare facilities decreased. This might be expected, since a number of healthcare facilities may have closed during the evacuation. As a result, individuals who might have gone to healthcare facilities would have to resort to contacting the poison centers. Moreover, many people had left their homes and were moving around, resulting in an increase in the calls from public areas.
Acknowledgements
The finding that poison center call patterns for some exposures change while others do not in the aftermath of hurricanes has implications for the utility of poison center calls in surveillance. Poison centers only are useful as surveillance tools for particular exposures if those exposures are likely to be reported to the poison centers, such as carbon monoxide and gasoline exposures. If exposures are less likely to be reported to poison centers, such as might be the case with water contamination and food poisoning, then poison centers are of limited use in surveillance. As a consequence, those who consider using poison centers as a surveillance tool should make certain that the exposures of interest are reported to poison centers.
